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Abstract 
This dissertation is written as part of the MSc in Environmental Management and Sus-
tainability at the International Hellenic University.  
Environmental degradation has long been on the vanguard. Typical large city problems 
such as air quality, transportation systems, waste management, noise, and the ab-
sence of green spaces influence social welfare. Environmental quality’s contribution to 
sustainability, public health, and social welfare is of great importance. To prevent fur-
ther environmental degradation, the most urgent environmental pressure must be 
identified. The need of adopting measures to protect and restore the environment is 
essential.  
In the present dissertation thesis, the current environmental quality of the metropoli-
tan area of Thessaloniki is evaluated. Each environmental pressure is examined and 
conclusions are drawn, concerning their current status. One of the main objectives is 
to estimate the most urgent environmental pressure of the GTA. A questionnaire 
based survey is conducted to properly record public’s opinion. A superficial attempt to 
record the supreme mitigation strategies to confront the most significant environmen-
tal problem is performed. 
I would like to take a moment to express my sincere gratitude to my thesis supervisors 
Dr Georgios Banias and Dr Charisios Achillas, for the continuous support, motivation, 
and immense knowledge. They consistently allowed this paper to be my own work, but 
steered me in the right direction whenever they thought I needed it.   
 
Environmental significance, public opinion, environmental quality, air pollution 
 
Chrysanthi Karkania 
14/02/2017
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1. Introduction 
 
1.1. Theoretical Background 
The ideas of urban environmental quality and other related terms such as livability and 
sustainability have witnessed a steep rise and became focal points of interest in re-
search programs, policy making as well as urban development. Yet the way these con-
cepts are applied in research and policymaking is not always uniform (van Kamp et al., 
2003).  
Urban sustainability is a multi-dimensional concept including environmental, econom-
ic, social, and political aspects (Moussiopoulos et al., 2010; Huang et al., 2009; Ole-
wiler, 2006). Assessing sustainability in urban areas is challenging for environmental 
managers and public authorities (Moussiopoulos et al., 2010; Holden, 2006; Luque-
Martinez and Munoz-Leiva, 2005).  
One of the most significant questions in the choices of decision-makers is what is envi-
ronmental quality. And perhaps more important: what is the effect of one’s designing 
interventions on the environmental quality and well-being? (van Kamp et al., 2003). In 
general, questions regarding environmental quality are partly academic; it derives its 
value from questions inside the community, targeting policymakers, architects, urban 
planners, environmental planners (van Kamp et al., 2003; Brown, 2000; Brown, this 
issue).  
Furthermore, the fact that several parameters affect environmental quality makes it 
difficult to erect a proper definition of environmental quality. Typical large city prob-
lems such as air quality, transportation systems, waste management, noise and the 
absence of green spaces are interrelated parameters which influence social welfare 
(Achillas et al., 2011; Huang et al., 2009; Olewiler, 2006). Environmental quality’s con-
tribution to sustainability, public health and social welfare is of great importance 
(Achillas et al., 2011; Mozer, 2009; Pugh, 1996).  
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Figure 1.1. A conceptual model of factors that contribute to community quality of life 
from a human ecological perspective (van Kamp et al., 2003; Shafer et al., 2000) 
Human pressure on the urban environment has led to continuous environmental deg-
radation. It all boils down to the need for adopting measures to protect and restore 
the environment. All mitigation efforts should aim toward sustainability (Moussiopou-
los et al., 2010; Van Dijk and Mingshum, 2005). At an international level this focus is 
apparent in numerous scientific publications, and other documents concerning livabil-
ity and urban planning (van Kamp et al., 2003). 
To prevent further environmental degradation, the most urgent environmental pres-
sure must be identified by taking into consideration the experts’ views and the public 
opinion at the same time, to produce effective mitigation approaches. In spite of the 
mitigation approaches needed in order to avoid or remedy adverse impacts, the priori-
tization of these strategies dealing with the deterioration of urban areas is of high im-
portance. 
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1.2. Scope 
In the present dissertation thesis, the current environmental quality of the metropoli-
tan area of Thessaloniki is examined. To this end, environmental pressures that have a 
direct impact on urban sustainability of the Greater Thessaloniki Area (GTA) are taken 
into account, to designate the most urgent environmental problem of the GTA as well 
as prioritize abatement strategies to confront such pressures. 
To serve this purpose a questionnaire survey has been conducted, where public opin-
ion has been recorded. This technique captures public opinion in an accurate way 
amongst other frequently used survey methods (Achillas et al., 2011). The respondents 
should indicate the relative importance as well as their dissatisfaction of the various 
environmental pressures. The results of this survey contribute to the accomplishment 
of the scope of this present study.  
After identifying the most important environmental pressure, the evaluation of alter-
native improvement strategies by specialized bodies takes place. Τo this end, a superfi-
cial approach is performed, in this study, as to the method of multicriteria analysis that 
could be implemented, in order to identify mitigation strategies to confront the most 
urgent pressure. 
1.3. Work Structure 
An introduction to the conceptual framework of the methodological approach that is 
implemented in the second chapter of this dissertation. One of the main objectives is 
to estimate the most urgent environmental pressure of the GTA. To properly record 
public’s opinion, the type of interviewing method is a questionnaire based survey. 
Consequently, a presentation of the questionnaire design takes place. Moreover, Mul-
ticriteria Decision Analysis is being discussed, as a last step of the methodological 
framework, so that alternative improvement strategies can be evaluated and priori-
tized.  
In the third chapter of the present dissertation thesis the environmental pressures that 
have a direct impact on the present quality status of the Greater Thessaloniki Area are 
being presented. In the first place, the deliberated environmental pressures are de-
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termined given the area’s special characteristics. The pressures under study are: a) air 
pollution, b) waste, c) noise pollution, d) urban transportation, e) water quality, f) 
population density, g) green spaces. Each environmental problem is being examined 
and conclusions are being drawn, concerning their current status.  
The fourth chapter follows with the assessment of the significance of the environmen-
tal pressures for the Greater Thessaloniki Area, using the methodological framework 
that was constructed for the purpose of this study.  
 The findings of the survey are presented for the all the respondents, as well as catego-
rized according to the respondents’ age, educational background and municipal district 
in the fifth chapter. Moreover, moving away from a focus on the most urgent envi-
ronmental pressure, a superficial and theoretical attempt to record the supreme miti-
gation strategies to confront the most significant environmental problem is being per-
formed. The development of these improvement strategies is a difficult procedure 
which could serve as a foundation in the decision-making process. 
In the final chapter the study’s finding are being summarized and discussed, whereas, 
he final chapter of the present thesis will converge on the comprehensive conclusion 
drawn, as a result of the questionnaire survey,  
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2. Methodological Approach 
 
2.1. Background 
The methodological framework implemented in this study is depicted in figure 1.2. The 
role of an environmental manager is to handle a number of tasks in cooperation with 
public authorities/regulators to capture the status of environmental quality in the first 
place. They need to create, implement, and maintain programs and procedures to as-
sess the significance of the environmental pressures and accomplish their goals. The 
significance of an environmental issue varies in different urban conurbations depend-
ing on the characteristics of each area. A careful examination needs to take place in 
order to evaluate and prioritize the most urgent environmental pressures (Achillas et 
al., 2011). 
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Figure 2.1. Methodological approach for prioritization of measures to confront envi-
ronmental deterioration in urban areas (Achillas et al., 2011) 
More specifically, in the present study, in Phase I the present environmental quality 
status of the Greater Thessaloniki Area is being identified and the environmental pres-
sures to be examined are determined.  
The methodology proceeds with Phase II, which is the outcome of Phase I. In this 
stage, public involvement takes place and the reason is twofold. Primarily, citizens are 
exposed in their everyday activities to environmental burdens, thus their opinion is of 
great importance when assessing the significance of the environmental pressures. 
Moreover, public’s opinion should be taken under consideration in the early stages of 
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planning processes of an undergoing project so that a general agreement will be ac-
complished and a sustainable management abatement strategy can be achieved (Achil-
las et al., 2011).  
Since social acceptance has been taken under consideration, the method of data col-
lection must be ascertained. There are many methods used to collect data depending 
on the information type, the ease of quantification of data, applicability scale, con-
straints, representativeness (Achillas et al., 2011). To properly record public’s opinion, 
the most efficient and suitable approach is the development of a scientific research via 
a questionnaire design based survey.  
To serve this purpose a questionnaire has been prepared and distributed to the citi-
zens of the Greater Thessaloniki Area, in order to detect the relative importance of the 
environmental pressures as well as their dissatisfaction. Dissatisfying circumstances of 
an issue of environmental concern that are not of high importance for one respondent 
may be less oppressive than less dissatisfying circumstances of matters of first priority. 
The significance of the environmental pressures for each part, in the study area (for all 
ages and educational background) is assessed, and the weighted average of responses 
is used, as this approach is appropriate regarding problems with multiple factors and 
verbal rankings. The significance of the environmental pressures for a certain part of 
the study area is given by the following equation: 
 
where ud stands for the significance of the environmental pressure for the sample sub-
set d, i.e. educational background, age, etc, ai stands for the environmental pressure i, 
Nd is the sample population, wijd is the weighting factor of the environmental pressure 
i, which is based on the pressure’s significance according to the view of the respondent 
j in sample subset d, and rijd is the dissatisfaction related to an environmental pressure 
i, according to the view of the respondent  j in sample subset d. The ud value is an indi-
cator of a certain environmental pressure’s significance. The r value, of an indicator of 
  -10- 
public dissatisfaction, and is the outcome of the match of verbal expressions to a nu-
meric scale from 0 to 100 (Achillas et al., 2011). 
The overall significance of the environmental pressures is determined from the follow-
ing equation: 
 
where Pd stands for the population of an area d, and PD is the total population of an 
area. 
After the completion of the identification of the significance of the most urgent envi-
ronmental pressure, the assessment of alternative criteria is taking place, in the final 
phase of this methodological approach, Phase III. In this context, experts’ involvement 
is necessary, thus local experts, try to indicate ways of alternative improvement strat-
egies in the most urgent environmental pressure, by creating a list of criteria than cap-
ture the certain environmental pressure, which is the outcome of the third phase 
(Achillas et al., 2011). 
Since problems in environmental management have become increasingly complex, as-
sessing the significance of these issues, and achieving a sustainable management 
abatement strategy, a Multi-Criteria Decision Analysis (MCDA) has been chosen. MCDA 
provides a tool that can be applied to many complex decisions and it is most applicable 
to solving problems that are characterized as a choice among alternatives. MCDA is 
useful for dividing the decision into smaller, more understandable parts, analyzing 
each part and integrating the parts to produce a meaningful solution (Banias, 2016). 
 
2.2. Questionnaire Theoretical Background and Design 
Questionnaires are a method to collect data in a statistical form, from a large number 
of people. A questionnaire survey is based on carefully selected samples, due to the 
fact that researchers usually use questionnaires to make generalizations. They consist 
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of the same set of questions asked in the same order and in the same way in order 
that the same information can be gathered (libweb.surrey.ac.uk, 2017). 
The advantages of questionnaires are (libweb.surrey.ac.uk, 2017): 
1. Questionnaires are practical 
2. Information collection from a large sample in a short period of time and in a 
relatively cost effective way  
3. Can be carried out by researchers or by any people with minor effect to its va-
lidity  
4. The results can be quickly and easily quantified by either a researcher or using a 
software package 
5. Can be analysed more ‘scientifically’ and objectivelt than other forms of re-
search  
6. After the data quantification, compare and contrast woth other research can be 
performed to measure the change 
7. It is believed by positivists that quantitative data can be implemented to con-
struct a new theory. 
On the other hand, the disadvantages of questionnaires are (libweb.surrey.ac.uk, 
2017): 
1. Certain forms of information cannot be extracted through questionnaires, i.e. 
behavior, emotional changes, etc 
2. It is stated by phenomenologists that quantitative surveys are artificial crea-
tions by the researcher 
3. Lack of validity 
4. Cannot assess the respondent’s honesty 
5. Cannot assess the respondent’s effort  
6. The respondent may not be well informed on the whole context of the situa-
tion 
7. People may give their own interpretations of questions  
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8. When developing a questionnaire survey, the researcher has already decided 
what is important or not, and there is a chance of missing something that is im-
portant. 
According to Keller the process of developing a questionnaire involves the following 
key design principles (Keller, 2009): 
1. The questionnaire should be as short as possible. 
2. The questions should be short, simple, and clearly worded. 
3. First questions should be demographic, to help respondents get comfortably 
started. 
4. Dichotomous (yes/no) and multiple choice questions should be used. 
5. Open-ended questions should be cautiously used. 
6. Leading-questions should be avoided. 
7. The questionnaire should be pretested on a small number of people. 
8. When preparing the questionnaire, a lot of thought should be given on the way 
it is intended to be used. 
Questions in the questionnaire can be (libweb.surrey.ac.uk, 2017): 
1. Open-ended 
This form of question requires the researcher to code the answer. Coding iden-
tifies a number of categories in which people have responded. It is more diffi-
cult to extract quantifiable data with this type of question.  
2. Closed  
3. Fixed-choice 
The difficulty of closed and fixed-choice question, is that the participants may 
be forced to answer or may not be able to qualify or explain what they mean by 
what they have answered. 
4. Likert-scale  
Participants are given a range of options, i.e. agree, strongly agree. 
As mentioned above, one of the main objectives of the present dissertation is to esti-
mate the most urgent environmental pressure of the GTA. To properly record public’s 
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opinion, the type of interviewing method to obtain the relevant stakeholders’ opinion 
is the development of a scientific research via a questionnaire design based survey.  
To this end, a questionnaire has been prepared and distributed to the citizens of the 
GTA, in order to extract the relative importance of the environmental pressures as well 
as their dissatisfaction. 
 
Figure 2.2. Questionnaire design presentation provided by Google forms 
The questionnaire was distributed via email. It was designed with the use of relevant 
questionnaire design web based software provided by Google Forms, as illustrated in 
figure 2.2. It was divided in three sections. In the first section the respondents should 
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fill in their demographic data, i.e. Name, Education, Municipality, etc., in order to be 
categorized according to their residential area, age and educational level (figure 2.3). 
 
Figure 2.3. Snapshot of the first section of the questionnaire 
In the following section, open-ended questions were created, where the respondents 
should give the relative importance of the environmental pressures to be examined. 
The environmental issues in the GTA are air quality, waste, noise pollution, urban 
transportation, water quality, population density, and green spaces (figure 2.4). 
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Figure 2.4. Open-ended questions in the second section of the questionnaire  
In the last section of the questionnaire, the respondents should highlight their dissatis-
faction on the environmental pressures, by answering likert-scale questions as depict-
ed in figure 2.5. 
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Figure 2.5. Likert-scale questions in the final section of the questionnaire 
The responses gathered from the questionnaire survey are 418. The questionnaire, as 
it was distributed, is presented in ANNEX I. The results are thoroughly presented in the 
following chapters. 
 
2.3. Multicriteria Decision Analysis 
For the problem under study, the ELECTRE III technique (Roy, 1978) is proposed. The 
adoption of that particular technique is based on its merits over other available op-
tions. ELECTRE III approach is a widespread multicriteria analysis technique with a long 
history of successful practical applications in various thematic areas such as environ-
ment, energy, construction etc. A significant advantage of the method is its utility in 
examining environmental issues (Rogers and Bruen, 1998). In addition, ELECTRE III has 
the ability to incorporate a large number of evaluation criteria, coupled with the possi-
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bility of a large number of different decision-makers (e.g. Xiaoting and Triantaphyllou, 
2008). 
Moreover, ELECTRE III is proposed due to the imprecision and uncertainty of input da-
ta. The uncertainty of available data in many cases is likely to drive decision-makers to 
misleading conclusions. ELECTRE III requires the determination of three thresholds 
used; preference threshold (p), indifference threshold (q) and veto threshold (v). With 
the inclusion of the three aforementioned thresholds, ELECTRE III is considered to 
adapt better in such uncertainties. The technique uses three pseudo-criteria to repre-
sent all the different aspects of the problem and starts by comparing alternatives with 
each other in relation to each criterion. It aggregates the results of all the comparisons 
and builds the model for the fuzzy outranking relation according to the notion of con-
cordance and discordance. 
The method, in the second phase of fuzzy relation exploitation, constructs two classifi-
cations (complete pre-orders) through a descending and an ascending distillation pro-
cedure. A final classification of the actions is elaborated as the intersection of the two 
complete pre-orders. A sensitivity analysis tests the result by varying the values of the 
main parameters and observing the effect on the final outcome. The comparative 
analysis of the classifications leads to a final robust result or to a model re-analysis 
(Roy and Bouyssou, 1993). 
The thresholds aim at modelling the decision-maker’s preference in a realistic way, 
which gradually increases from indifference to strict preference. Determination of 
their values involves a significant subjective input by the decision-maker; at the same 
time, they capture the uncertainty of the criteria evaluation (Miettinen and Salminen, 
1999; Roy et al., 1986). Thresholds are not experimental values to be approximated to, 
but are values set for assessing the appropriateness of planned action, necessary for 
representing approximate or arbitrary features of the data. 
Rogers and Bruen (1998) proposed a comprehensive approach for specifying realistic 
limits for pi and qi within the context of an environmental appraisal, where er-
ror/uncertainty and human sensitivity to different levels of the criterion are taken into 
account. According to them it is imperative that pi and qi are chosen in a rational and 
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defendable manner, and be explicitly estimated, rather than pick some arbitrary values 
whose effect must be examined later by sensitivity analysis (Geldermann et al., 2000; 
Le Teno and Mareshal, 1998; Roy et al., 1986; Roy and Hugonnard, 1982). By utilising 
those thresholds, the technique does not address only the two ends of the problem, 
but also intermediate levels in between. Last but not least, the decision-maker is able 
to take into account either quantitative or qualitative criteria, as the adopted tech-
nique shows a very good fit of data in such applications. 
Multicriteria evaluation of available improvement strategies consists a problem which 
is formulated by using a set of alternatives (A1, A2, A3…) and a set of criteria (C1, C2, 
C3…). The evaluation of criterion k for alternative A is described as Vk(A). The approach 
adopted in the framework of this analysis uses a ranking scheme, following ELECTRE III 
principles, based on binary outranking relations in two major concepts; “Concordance” 
(ck) when alternative A1 outranks alternative A2 if a sufficient majority of criteria are in 
favour of alternative A1 and “Non-Discordance” (dk) when the concordance condition 
holds, none of the criteria in the minority should be opposed too strongly to the out-
ranking of A2 by A1. The assertion that A1 outranks A2 is characterized by a credibility 
index which permits knowing the true degree of this assertion (Roussat et al., 2009). 
To compare a pair of alternatives (A1, A2) for each criterion, the assertion “A1 outranks 
A2” is evaluated with the help of pseudo-criteria. As already discussed, the pseudo-
criterion is built with two thresholds, namely preference (pk) and indifference (qk). 
When Vk(A1) - Vk(A2) ≤ qk, then no difference between alternatives A1 and A2 for the 
specific criterion k under study is identified. In this case ck(A1, A2) = 0. On the contrary, 
when Vk(A1) - Vk(A2) > pk, then A1 is strictly preferred to A2 for criterion k. In this case 
ck(A1, A2) = 1. A global concordance index 
21AA
C  for each pair of alternatives (A1, A2), is 
computed with the concordance index ck(A1, A2) of each criterion k: 






K
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k
K
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21kk
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w
)A,A(cw
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where wk is the weight of criterion k and K the total number of selected criteria. 
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As already mentioned, a discordance index dk(A1, A2) is also taken into consideration 
for all pairs of alternatives and each criterion k. Discordance index (dk) is evaluated 
with the help of pseudo-criteria with a veto threshold (vk), which represents the maxi-
mum difference Vk(A1) - Vk(A2) acceptable to not reject the assertion “A1 outranks A2”. 
When Vk(A1) - Vk(A2) ≤ pk, then there is no discordance and therefore dk(A1, A2) = 0, , 
whereas when Vk(A1) - Vk(A2) > vk, then dk(A1, A2) = 1. The index of credibility 
21AA
  of 
the assertion “A1 outranks A2” is defined as follows: 

 


Fk AA
21k
AAAA
21
2121
C1
)A,A(d1
C , with }),(,{
2121 AAk
CAAdFkF   
In the case that a veto threshold is exceeded for at least one of the selected criteria, 
the index of credibility is null. In other words, the assertion “A1 outranks A2” is reject-
ed. As regards the ranking procedure of all available location alternatives Ak, two com-
plete pre-orders are constructed through a descending and an ascending distillation 
procedure. In short, descending distillation refers to the ranking from the best availa-
ble alternative to the worst, while ascending distillation refers to the ranking from the 
worst available alternative to the best one (Maystre et al., 1994; Roy and Bouyssou, 
1993). Taking into consideration both distillations, the ELECTRE III method concludes 
with the optimal alternative. The approach results into an optimal bundle of abate-
ment strategies, based on the prioritization of alternative measures. 
As a last step of the developed methodology, sensitivity analysis is proposed. Sensitivi-
ty analysis is most advantageous in the presented methodological approach, since pa-
rameter values (weighting factors, thresholds, criteria qualitative values, etc.) in real 
life applications originate from estimations which are sometimes more or less reliable 
(Banias et al., 2010). In any case, it should be underlined that the simultaneous conse-
quences of potential variations of parameter values, decision variables and constraints 
could be studied by new runs of the model, since the low computational time gives the 
opportunity for fast reformed optimal solutions. On this basis, the selection of ELECTRE 
III is preferable, since it is considered to better adapt to uncertainties (Roy and 
Bouysou, 1993). 
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3. Environmental Quality in the Greater Thessaloniki Area 
 
3.1. The Domain 
Environmental degradation is indissolubly attached to the increasing trend toward ur-
banization. It is estimated that 20-30 million people per year leave rural for urban area 
worldwide (Donohoe, 2003). Over the years, actions to outline the environmental deg-
radation are being taken and strategies to restore environmental quality in urban are-
as are being implemented (Alberti and Parker, 2001). 
 
Figure 3.1. The Greater Thessaloniki Area, Greece (Moussiopoulos et al., 2009) 
Thessaloniki is the second largest city of Greece. It is set on the northern shores of 
Thermaikos Gulf and opens into the Aegean Sea. Due to its privileged location, Thessa-
loniki   is the second major economic, industrial, commercial, and political center in the 
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country. According to the Hellenic Statistical Authority’s census in 2011 the population 
of the Municipality of Thessaloniki is over 1 million (Statistics.gr, 2016).  
 
Figure 3.2. The metropolitan area of Thessaloniki (Achillas et al., 2011) 
 
3.2. Status of Environmental Quality 
In the present dissertation thesis, the current environmental quality of the Greater 
Thessaloniki Area is examined. To this end, environmental pressures that have a direct 
impact on urban sustainability of the GTA are taken into account, to designate the 
most urgent environmental problem of the GTA as well as prioritize abatement strate-
gies to confront such pressures. 
The following environmental pressures are selected for examination 
i. air quality 
ii. waste 
iii. noise pollution  
iv. urban transportation  
v. water quality 
vi. population density 
vii. green spaces 
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In the remainder of this chapter all the environmental pressures of the GTA selected 
for examination are being presented and analyzed. 
3.2.1. Air quality 
Clean air is a significant prerequisite of well – being. However, air pollution is posing a 
major threat to well – being worldwide (Air quality guidelines, 2016). 
The term “air quality” refers to the state of the air. Good air quality means clear, un-
polluted air, which is necessary to preserve the equivalence of life on this planet for 
humanity, wildlife, vegetation. Several factors, including both natural and human-
induced emissions from different sources have/cause a negative impact on air quality. 
Poor air quality takes place when pollutants’ concentrations are high enough to put 
human health and/or the environment in danger (Bcairquality.ca, 2016). 
In urban conurbations, human activities are intensified in small areas. The majority of 
economic activities which involve the conversion and use of energy are followed by air 
pollutants emissions, subsequently leading to environmental degradation, and more 
specifically in urban environments. Urban air pollution is the source of several prob-
lems, such as in public care due to gases and particles inhalation, in historical buildings 
and monuments, in crop yields (Moussiopoulos et al., 2008).  
As defined in the EU 96/91 Directive regarding air quality management (Eur-
lex.europa, 2017): “Pollutant is every substance that is funneled either directly or indi-
rectly from human activities to the atmosphere, causing damage to human health 
or/and the environment as a whole.” 
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Table 1. Brief presentation of the most important pollutants (Zerefos, 2008) 
CO Carbon monoxide 
Pb Lead 
NO2, NOX Nitrous dioxid, Nitrous oxide 
O3 Ozone  
TSP, PM10, PM2,5 Total Suspended Particles (δ<10μm, δ<2,5μm) 
SO2, SOX Sulfurdioxide, Sulfur oxide 
OCS, NMHC Carbonyl Sulfide, Hydrocarbon 
Οther pollutants 
 CH4 Methane 
CO2 Carbon dioxide 
HFCs, HCFC Fluorocarbon, Hydro chlorofluorocarbons 
PFCs Perflurorocarbons 
 
Volatile organic compounds 
 
The GTA encounters severe environmental problems, mainly due to air quality; Thessa-
loniki is one of the most polluted cities in Europe (Airbase, 2010)  
Thessaloniki is a city that has surpassed 1,000,000 inhabitants, with industrial units lo-
cated in the north and northwest of the city. The narrow streets with tall buildings and 
with few open spaces contribute to the accumulation of the pollutants in the atmos-
phere. The occurrence of high pollution values in the streets of Thessaloniki is a com-
bination of several factors such as traffic volume, weather conditions, road width, ve-
hicle speed, height of the buildings and urban planning (Koutsourakis, 2010). 
In addition to these factors, the phenomenon of street canyon in the city also deter-
mines the high pollution rates. A street canyon (also known as urban canyon) refers to 
a place where the street is flanked by buildings on both sides, thus creating a canyon-
like environment. Street canyons affect various local conditions, including tempera-
ture, wind, air quality, because of the high concentration of pollutants amongst build-
ings (Koutsourakis, 2010). 
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Figure 3.3. Narrow urban street canyon in Thessaloniki (imaggeo.egu.eu, 2016) 
The Air quality management department of the Ministry of the Environment and Cli-
mate Change has established network stations to measure the concentration levels of 
the following pollutants: Carbon monoxide (CO), Nitrous dioxide (NO2), Nitrous oxide 
(NOX), ozone (O3), total suspended particles (PM10, PM2,5), sulfur dioxide (SO2), sulfur 
oxide (SOX), and benzol (C6H6) (Ypeka.gr, 2016). There are seven station networks 
which belong to the network of Central Macedonia Region. Four out of seven are ur-
ban stations typical of the city centre and the remaining three are suburban stations 
(Airthess.gr, 2016). The location of the stations is illustrated in figure 3.4. 
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Figure 3.4. Topography of the GTA showing the location of the stations, belonging to 
the network of Central Macedonia Region (Moussiopoulos et al., 2009) 
In the following figure (Figure 3.5) the interannual trend of SO2, CO, O3, NO2, and PM10 
annual average concentrations for the available measurements of the GTA is depicted. 
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Figure 3.5.  Interannual trend of SO2, CO, O3, NO2, and PM10 annual average concentra-
tions for the available measurements (Moussiopoulos et al., 2009) 
What can be inferred from the figure is that there is a noticeable reduction and further 
stabilization of SO2 emissions primarily due to fuels de-sulfurization. As for the CO con-
centrations, since 2000 a reduction has been noted. This progress is attributed to the 
introduction of the three-way catalyst converter, leading to minimization of traffic re-
lated CO concentrations. In the city centre of Thessaloniki the highest concentration 
levels are documented, due to intense road traffic. A stabilized trend can be identified 
for O3 concentrations. Lower concentration levels are recorded in the suburban areas 
of Panorama and Neohorouda, which are remoted from the city centre, whereas high-
er concentration levels can be found in the urban and industrial areas of Ag. Sofias Sqr. 
and Kordelio. Higher values of O3 concentrations are identified especially during sum-
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mer period. Finally, the interannual trend of the concentrations of PM10 shows that the 
limit values gave been exceeded for a number of days every year in the city centre, ei-
ther on summer or winter periods (Moussiopoulos et al., 2009). Indicatively in figure 
3.4 a bar-chart with exceeded counts of PM10 concentrations per year for one urban 
station of the city centre is illustrated. During 2004- 2006 no safe assumptions can be 
extracted as the data provided by the Ministry of the Environment and Climate Change 
is not adequate (Karkania, 2015). 
 
Figure 3.6. Counts exceeded per year for PM10 during 2001-2013 depicted in bar-chart 
The extraction of safe conclusions as far as the air pollution progress is concerned, is 
not possible due to absence of data regarding the emission concentrations of the pol-
lutants (Moussiopoulos et al., 2009). The need for systematic recording of all air pollu-
tants’ emissions is essential.  
The existence of comprehensive and updated emission records is a high-priority issue, 
in order to create an efficient plan regarding the management and enhancement of air 
quality, given the fact that they are they represent the most important parameters of 
any air pollution control programme (ORTH, 2008). 
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3.2.2. Waste 
Municipal waste includes waste that are collected by either on behalf of municipal au-
thorities, or directly by the private sector not on behalf of municipalities. Whist he 
bulks of the waste stream derives from households, similar waste that originate from 
sources such as commerce, public institutions, offices, municipal services are incorpo-
rated too. Municipal construction and demolition waste as well as waste form munici-
pal sewage networks are excluded. The term municipal is used in several ways mirror-
ing a number of management strategies, which is different amongst countries 
(Ec.europa.eu, 2016). 
Environmentally sound waste management is by most countries known as an issue of 
major concern, as it ensures environmental protection and human health (Koroneos 
and Nanaki, 2012). 
The increasing awareness of environmental matters has led to the development of 
waste management strategies such as pollution control technologies and rigorous leg-
islation on waste handling and disposal to eliminate the waste’s impact on the envi-
ronment (Fiorucci et al., 2002). 
The management of urban waste is a complex multidisciplinary problem, as it contains 
several interrelated problems and the objectives that must be achieved are sometimes 
in conflict (Haastrup et al., 1998). It involves both economic and technical aspects, re-
straints regarding recycling and sustainable development matters (Fiorucci et al., 
2002). 
The establishment of urban solid waste treatment, disposal systems as well as 
transport system that will be applied in the treatment is a very difficult process.  Many 
management choices for reducing waste total are available, including waste reduction, 
material recycling, yet large amount of urban waste should be sent for disposal. Thus, 
the need of disposal sites supported by scientific tools is considered an issue of major 
importance (Haastrup et al., 1998). 
Waste generation in the EU in 2014 by all economic activities and household is esti-
mated at about 2.598 tonnes, the highest amount ever recorded for the EU. In figure 
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3.7 the share of each economic activity and households in total waste generation in 
2014 is depicted. It can be inferred from the figure that there are diversities in the 
amount of waste generated and in the activities, that primarily contribute to waste 
generation (ec.europa.eu, 2016). 
Currently in Europe, 16 tonnes of material per person per year are being used, 6 
tonnes of which become waste. In terms of household waste each person in Europe is 
producing half of tonne of such waste, on average; 40% of this waste is reused or recy-
cled, whilst in some countries more than 80% goes to landfill (ec.europa.eu, 2016). 
 
Figure 3.7. Waste generation by economic activities and households, 2014 
(Ec.europa.eu, 2016, Eurostat) 
Municipal solid waste management is less developed in Greece than in many EU coun-
tries. The prevalent mechanism is land disposal. Roughly 8% of the overall municipal 
solid waste is recycled, whereas 92% is without prior treatment disposed. As for the 
disposed waste, 52% is moved in sanitary landfills and 40% is discarded in non-
engineered sites. 85% of the total household waste is destined for organized collection 
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and transportation, and the remaining 15% is generated in the mountainous and island 
areas without proper execution of collection and disposal (Papachristou et al., 2009; 
Papaioannou and Economopoulou, 2004).  
The entire Greater Thessaloniki Area is served by one sanitary landfill, located 35 km 
southeast in the outskirts of Thessaloniki. This sanitary landfill operates for the last 25 
years by the Association of local Authorities of the GTA. Although the main part of the 
landfill is already occupied, construction of new landfills is under way (Papachristou et 
al., 2009). 
The total amount of municipal solid waste sent to the sanitary landfill is presented in 
figure 3.8. In the following table (table 2) the quantity as well as the composition of 
municipal solid waste of the GTA are depicted. What can be inferred from figure 3.9 is 
that the amounts of paper, food waste and plastics account for two thirds of total 
waste. Recyclable materials indicate an increase, whereas compostable organics pre-
sent a decrease, mainly due to changing consumption habits and standard of living rise 
(Koroneos and Nanaki, 2012). 
 
Figure 3.8. Total amount of municipal solid waste of Thessaloniki sent to landfill (Koro-
neos and Nanaki, 2012; Papachristou et al., 2002) 
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Table 2. Quantity of the different waste fractions that are produced in Thessaloniki in 
2004 (Koroneos and Nanaki, 2012; Papachristou et al., 2002; Moberg et al., 2005) 
Waste fractions Quantity (tones/year) Share (%) 
Paper (mixed) 175,26 26.66 
Food waste 159,96 29.21 
Plastics (mixed) 107,4 17.9 
Leather, wood, clothes, rubber 54,78 9.13 
Glass 21,66 3.61 
Metals 20,4 3.4 
Aluminum 6180 1.03 
Other 54,36 9.06 
Total 600 100 
      
 
In Thessaloniki, there is an important increase in waste, in the last 20 years. This in-
crease has tripled since 1987. In all affairs of state, the establishment of a solid waste 
management system should be properly designed after careful consideration and ac-
cording to the economic, social, as well as climatic conditions of a region (Papachristou 
et al., 2002).  
 
3.2.3. Noise Pollution 
Noise pollution can be defined as disproportionate or extravagant noise, which has the 
ability to damage the human being balance. Industrial machines, transportation sys-
tems, building activities appliances serve as examples of the sources of environmental 
noise worldwide (Jhanwar, 2016).  Nowadays noise is a threatening and an alarming 
environmental pollutant (Hildebrand, 1970).  The characteristics of noise pollution vary 
across the world, depending on population density, degree of development, culture 
etc. Thus, general conclusions on noise pollution cannot be drawn (Barrigón Morillas et 
al., 2002). According to WHO noise pollution can damage human beings both physical-
ly and psychologically in big urban conurbations worldwide. Extravagant exposure to 
environmental noise can lead to bad life quality or hearing impairment (Vlachokostas 
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et al., 2012; Prasher, 2013). Road traffic is the predominant source of environmental 
noise (Vlachokostas et al., 2012). 
Greece is obliged to record and monitor the evolution of the environmental noise level 
in the biggest conurbations, including the city of Thessaloniki, and submit annual re-
ports to the European Union (ypeka.gr, 2016). 
The maximum permissible limits of environmental noise are indicated below (ypeka.gr, 
2016): 
a) Lden indicator (24h): 70dB 
b) Lnight indicator (8h): 60dB  
 
In the case of Thessaloniki, the majority of the population is scattered through the city 
centre (Vlachokostas et al., 2012). In this area, a great number of activities takes place, 
and high traffic volumes have been recorded (Vlachokostas et al., 2012; Moussiopou-
los et al., 2010; ORTH, 2008). No everyday measurements are implemented, yet it is far 
from obvious from available past campaigns that the centre of Thessaloniki is experi-
encing a high traffic-related noise issue (Vlachokostas, 2012; Georgiadou et al., 2004; 
Kelessis et al., 2008; Tzekakis et al., 2005). In the following table averages and annual 
average levels of exposure for different modes of transport such as walk, bicycle, car, 
and motorcycle which were observed for one year are illustrated. 
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Table 3. Maximum 15-min, 30-min, 1-h averages, and annual average levels of expo-
sure for different modes of transport (Vlachokostas et al., 2012) 
Mode  Value Noise (db(A)) 
Walk 15-min max 74.8 
 
30-min max 73.3 
 
1-h max  72.6 
 
Average 70.6 
Bicycle 15-min max 71.2 
 
30-min max 70.0 
 
1-h max  - 
 
Average 70.9 
Car 15-min max 66.3 
 
30-min max 65.2 
 
1-h max  64.7 
 
Average 66.3 
Motorcycle 15-min max 96.4 
 
30-min max 93.9 
 
1-h max  - 
 
Average 85.5 
 
 
3.2.4. Urban Transportation 
“Transportation is often referred to as the “lifeblood of cities” because it provides the 
essential link among activities and, in the long run, to a large extent, it helps shape the 
city” (Saliara, 2014; Vuchic, 1999). 
Urban transportation reflects the quality of life, specifies the environmental quality as 
the air emissions originating from transportation constitute one of the most important 
environmental stressors. Today, the combination of large numbers of citizens and 
heavily travelled roads results in high levels of atmospheric pollution in urban conurba-
tions. In many European cities, road traffic emission is considered as the most signifi-
cant source of local air pollution (Vlachokostas et al., 2013). 
According to the Hellenic Statistical Authority in the city of Thessaloniki there is a clear 
dominance of private transport, depicted in figure 3.9, followed by a reduction of 
transit share dropping from 34% in 1988 to 27% in 1998 and 25% in 2008. It is estimat-
ed that circa 94.500 vehicles cross the main highways (Saliara, 2014). 
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As far as the public transport in the GTA is concerned, it consists of a bus system oper-
ated by “OASTH” which is the Organization of Urban Transportation of Thessaloniki 
and is the exclusive operator of transit services in the GTA, carrying 180.000.000 pas-
sengers per year (Saliara, 2014). 
  
(a) (b) 
 
Figure 3.9. a) Modal split (Hellenic Statistical Authority, 2007), b) Car ownership in the 
Greter Thessaloniki Area (Saliara, 2014, Arbanitozisi, 2007) 
In the following figure (figure 3.10), the transportation allocation per means of 
transport in percentage terms is depicted based on the General Study of Transporta-
tion of Thessaloniki urban complex. Due to absence of data, the year of 1998 is the on-
ly source as far as transportation in the GTA is concerned. The focal point of this study 
is that the most dominant means of transport is private transport in percentage 30,5%. 
Public means of transport follow in percentage 27,5%. The remaining passenger trans-
portations are covered by taxi transportation 4,2%, as a pedestrian at a rate of 18,3%, 
special buses 3,2% and bicycles or motorcycles at a rate of 4,6%. There is a clear pref-
erence of private transport over public transport, thus leading to high levels of air pol-
lution and environmental noise, as the number of vehicles in the GTA is constantly in-
creasing for the period 1998-2006. This upward trend is depicted in figure 3.11 (ORTH, 
2008). 
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Figure 3.10. Percentage of transportation allocation, per means of transport in 1998 
(ORTH, 2008) 
 
 
 
Figure 3.11. Total number of vehicles per 1000 citizens of the GTA (ORTH, 2008) 
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SASTH, which stands for the Greek initials of “Thessaloniki’s Integrated Transport Au-
thority” estimates that the forthcoming operation of a means of transport in the cen-
tre of the urban complex in combination with the restructuring of bus lanes, the estab-
lishment of terminals in the outskirts of Thessaloniki, and the proper use of bus lanes 
in rush hours, will significantly improve the transportation characteristics (ORTH, 
2008). 
 
3.2.5. Water Quality 
Water quality is a very critical issue. Heavy industrialization, urban and agricultural ac-
tivities, growing water consumption, combined with natural processes pollute surface 
water and harm the quality as well as the quantity of water (Simeonov et al., 2003).  
The Drinking Water Directive (Council Directive 98/83/EC) set by the European Com-
mission, concerns the quality of water intended for human consumption. Its objective 
is to set standards for drinking water, and aims to protect public health from the ad-
verse effect of any contamination. In 2015, the European Commission adopted Di-
rective (EU) 2015/1787 introducing new rules to improve the monitoring of potable 
water (Ec.europa.eu, 2016). 
The emerging demand in potable water is a significant environmental problem in 
Greece in the last decade, and is not easy to be addressed due to lack of expertise. In 
Thessaloniki, the growing population led to an increase in industrial, commercial, agri-
cultural as well as tourist activities. The need in water is growing, as these activities 
pollute and wipe off water reserves causing problems in quantity and quality of acces-
sible water (Papadakis, Georgianos and Tsoumbaris, 2007). 
Thessaloniki Water Supply and Sewerage Co. S.A. trading as EYATH S.A was founded in 
1998, and is engaged in managing potable water quality and safeguarding the envi-
ronment in the GTA. The company assures that treated wastewater is channeled into 
the Thermaikos Bay in compliance with environmental legislation. Urban wastewater is 
collected and treated, so that clean water is disposed, in the centre of the bay (Ey-
ath.gr, 2016). 
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The Quality Management laboratory of EYATH S.A is annually carrying out at least 
5.000 samplings along with over 40.000 analyses, to ensure that potable water is of 
excellent quality. The results of the potable water analyses for every urban complex of 
the GTA, are open to the public and presented in matrices as indicatively depicted in 
figure 3.10 for the centre of Thessaloniki (Eyath.gr, 2016). 
Table 4. Analyses’ results for the centre of Thessaloniki (Eyath.gr, 2016) 
 
 
In the material to follow the results of a survey are being presented regarding the qual-
ity of potable water in the Greater Thessaloniki Area compared with Serres and Chalki-
diki prefectures, conducted by the laboratory of Hygiene, in Medical School of Aristotle 
University of Thessaloniki in 2006. The aim of this research was to examine potable 
water quality in the above areas. As far as Thessaloniki is concerned the results indi-
cated an intensified problem in Thessaloniki, pointing out the need of a water denitrifi-
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cation program as well as the lack of a complete strategic plan in water resource man-
agement, and are illustrated in the following figures (figure 3.12 and 3.13) (Papadakis, 
Georgianos and Tsoumbaris, 2007). 
 
 
Figure 3.12. Comparative diagrams of conductivity, and chloride ions, for the GTA, 
Serres, and Chalkidiki (Papadakis, Georgianos and Tsoumbaris, 2007) 
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Figure 3.13. Comparative diagrams of nitrate ions, and water hardness for the GTA, 
Serres, and Chalkidiki (Papadakis, Georgianos and Tsoumbaris, 2007) 
 
3.2.6. Population Density 
Population density is a key geographical term and can be defined as a measurement of 
population per unit of area. The increase of the population density of an area will di-
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rectly lead to an increase of the environmental pressures, and as a consequence to a 
great threat of the quality of life of people living in this area. In all affairs of state, hav-
ing a thorough knowledge of an area’s population density, as well as monitoring its 
evolution can contribute significantly to a number of sectors. Thus decision-makers will 
be able to take over further actions to enhance the quality of life and protect the envi-
ronment (ORTH, 2008). 
Exploitation of land use, that is, the definition of the limits of the various buildings of a 
city, road construction etc. is known as urban planning and is regulated by scientific 
rules, needs etc. Decisions and choices on land use play a crucial role on shaping the 
urban environment. Poor area management practices can result in residential or indus-
trial development in unsuitable geological areas, ecosystems, or woodlands. Further-
more, ilicit manufacturing activities can lead to environmental degradation (ORTH, 
2008). 
The fiscal crisis which was introduced in 2009, followed by the complex refugee crisis, 
intensified during 2015 ground for the economic, social, and environmental challenges 
Thessaloniki is facing nowadays, threatening its sustainability (Gemenetzi, 2016; Mous-
siopoulos et al., 2010). Significant signs boil down to the fact that the GTA and more  
specifically, the Municipality of Thessaloniki is experiencing an urban shrinkage as de-
picted in the following figure (figure 3.14). 
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Figure 3.14. Indications of urban shrinkage in Thessaloniki (Gemenetzi. G., 2016; Hel-
lenic Statistical Authority) 
Primarily, during 2001-2011 the population of UAth shrank by 3,64% compared to the 
7,78% increase it met in the pre-crisis period. As for the Municipality of Thessaloniki 
the initial population decline was tripled in 2001-2011, when the number of residences 
remained untouched. An increase can be noticed in vacant residencies during 1991-
2001 in the Municipality of Thessaloniki. A smaller increase rate of vacant residencies 
in UAth in the crisis period compared to the pre-crisis period (Gemenetzi. G, 2016). 
To confront this urban shrinkage, both spatial and sectoral policies need to be estab-
lished in order to restore the city’s sustainability (Kafkalas et al., 2015). Moreover, a 
resilience policy needs to be adopted (Gemenetzi. G., Thessaloniki, Swyngedouw, 
2008). This policy should throw light on the framing and integration of the challenges 
remodeling the city’s geography to create “discursive narratives of strategic adaptation 
or adaptability” (Gemenetzi. G., 2016; Pike et al., 2010). 
 
3.2.7. Green Spaces 
Cities are comprised of more than just buildings and people. It is common sense that 
green spaces in cities, are significant for the health and the well-being of people (Van 
Herzele and Wieder, 2003). Green space is the land that is partly or entirely covered 
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with grass, trees, shrubs or other vegetation. Green spaces include parks, community 
gardens, sports fields, natural meadows (epa.gov, 2016). 
Green spaces facilitate physical activity and relaxation, forming a refuge from noise, 
and filtering harmful air pollution. They serve as sites for physical activity, social inter-
action, and recreation. According to WHO physical inactivity, linked with poor walkabil-
ity and lack of access to recreational areas, accounts for 3,3% of global deaths. Having 
access to green spaces can also enhance mental health, by reducing health inequali-
ties, improving well-being. Physical activity in a natural environment can remedy mild 
depression and reduce physiological stress indicators (World Health Organization, 
2016). 
The Greater Thessaloniki Area, as well as many Greek cities, is barren of green and 
open spaces in comparison with other European cities. The extent of this problem is 
far from obvious in the urban environment, as depicted in the following tables (tables 
5 and 6). 
Table 5. Green spaces in terms of square meters per citizen in the GTA (ORTH, 2005) 
Site Sq m of green spaces/citizen 
Municipalities of U.C 5,04 
Thessaloniki 2,15 
Ag. Paulos 2,88 
Ampelokipi 5,96 
Eleftherio 0,83 
Evosmos 6,27 
Kalamaria 5,58 
Menemeni 14,35 
Neapoli 0,99 
Panorama 26,87 
Polichni 8,71 
Pylaia 10,55 
Stavroupoli 14,33 
Sykes 3 
Triandria 1,06 
Efkarpia 5 
Peyka 30,62 
Municipalities of R.Z 31,22 
Ionia 7,56 
Kalochori 15,19 
Sindos 67,24 
Thermi 18,66 
Redestos - 
Oreokastro 55,48 
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Table 6. Comparative data of green spaces in terms of square meters per citizen in Eu-
ropean cities (ORTH, 2005) 
European cities Sq m of green spaces/citizen 
London 9 
Brussels 29 
Amsterdam 27 
Zurich 10 
Thessaloniki 2,73 
Bonn 35 
Vienna 20 
Paris 8,54 
Rome 9 
 
The conclusion that could be safely drawn is that the environmental quality of the GTA 
is rather unsatisfactory. Due to absence of data no further conclusions can be drawn. A 
complete and up-to-date surveying needs to be conducted, in order to make strategic 
approaches towards the environmental restoration of the GTA. 
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4. Significance of the Environmental Pressures in the Greater Thessa-
loniki Area 
 
4.1. Background 
In the present dissertation thesis, the questionnaire survey is carried out in the Greater 
Thessaloniki Area, that is in areas of the urban complex as well as in the outskirts of 
Thessaloniki. The scope of the survey is to designate the most urgent environmental 
problem of the GTA, which is essential in order to prioritize abatement strategies to 
confront the problem, in the next phase. To deliver the scope of this thesis the use of 
the weighted average of the responses is being implemented.  
The prosecution of the survey initiated in November 2016 in a representative sample 
of citizens of the GTA. The respondents were summoned to complete a suitably de-
signed questionnaire. The responses gathered from the questionnaire survey are 418.  
 
4.2. Methodology of Assessment of the significance of the Environmental 
Pressures in the GTA 
To assess the significance of the environmental pressures in the GTA, the weighted av-
erage of the responses is used, as this approach is appropriate regarding problems 
with multiple factors and verbal rankings (Achillas et al., 2011), as presented in the 
second chapter of this dissertation.  
The significance of the environmental pressures for a certain region of the study area is 
given by the following equation (Achillas et al., 2011): 
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ud: the significance of the environmental pressure 
d: the sample subset  
ai: the environmental pressure i 
 Nd: the sample population 
 wijd: the weighting factor of the environmental pressure i 
 rijd: the dissatisfaction related to an environmental pressure i,  
The ud value is an indicator of a certain environmental pressure’s significance. The r 
value, is an indicator of public dissatisfaction. This value is the outcome of the match of 
verbal expressions to a numeric scale from 0 to 100. 
The overall significance of the environmental pressures is determined from the follow-
ing equation: 
)()()( 
d
idDdiD auPPau                                                                                                    (2) 
where: 
 Pd: the population of an area d 
 PD: the total population of an area. 
The quantified uD value, for every individual environmental topic constitutes an indica-
tor of significance. Consequently, it serves in the characterization of a problem as the 
most important or the least important. Similarly, the r value is another indicator. 
Through this indicator, the verbal expressions of the respondents can be interpreted to 
a numeric scale from 0-100. The minimum value r=0 corresponds to the expression 
“completely satisfied”, whereas the maximum value r=100 corresponds to the expres-
sion “completely dissatisfied”. 
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4.3.  Demographic Data 
The respondents were asked to provide data such as their municipal district, age, gen-
der, and educational background. This information is needed in order to be compared 
with the corresponding demographic data of the population of the GTA, so that the 
level of representativeness of the sample can be estimated. The current objective is to 
identify any possible degree if diversification in the respondents’ answers, due to dif-
ferent demographic and social data.  
In the following figure (figure 4.1) the respondents’ distribution per study area, is being 
depicted. The areas of study in which the sample is divided are the centre of the city 
(A, B, C Municipal district of the Municipality of Thessaloniki), Toumpa (D Municipal 
district), eastern Thessaloniki (E Municipal district), Kalamaria (Municipality of Kala-
maria), western Thessaloniki (Municipalities of Evosmos, Ampelokipi, Stavroupoli, Ne-
apoli, Polichni, Eleftherio, Menemeni and Efkarpia), outskirts (Municipalities of Sykes, 
Triandria, Pylaia, St. Pavlos, Peuka) and suburbs (Municipalities of Panorama, Oreokas-
tro, Thermi, etc.).  The residents of the centre of Thessaloniki constitute the bulk of the 
sample at a percentage of 31%. The citizens of eastern Thessaloniki follow, at a per-
centage of 16%, people living in the outskirts 12%, citizens of suburbs at 11%, citizens 
of Kalamaria at 10%, western Thessaloniki at 10%, whereas citizens of Toumpa consti-
tute the minority of the sample at a percentage of 9%.  Overall, the sample allocation 
is considered to be satisfactory in comparison with the actual allocation of areas of dis-
trict of the residents of the GTA, as reflected in the last census of 2011 (Statistics.gr, 
2016). 
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(a) (b) 
 
Figure 4.1. a) Proportion of sample distribution per study area, b) Sample distribution 
per study area 
The age distribution of the respondents is presented in figure 4.2. The majority of the 
sample (49%), appertains to citizens aged from 25 up to 34 years old, whereas the mi-
nority of the sample (1%) to citizens who are 65 years old or older. Respondents aged 
from 18 to 24 years old, 35 to 44 years old, 45 to 54, and 55-64 years old account for 
23%, 16% 9%, and 2% of the sample. 
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Figure 4.2.  Age proportion of respondents 
As for the educational background of the respondents, the allocation is depicted in 
figure 4.3. The vast majority of the respondents (54%) holds a Master’s Degree. Own-
ers of Bachelor’s Degree follow at a percentage of 37%, citizens having other educa-
tional background at 3%, high school graduates at 5%, and citizens owning a profes-
sional Degree at a percentage of 1%. Seeing it emerge in this way, affords a vivid 
demonstration that a high proportion of scholars is desired, as safer and more reliable 
conclusions can be drawn.  On the other hand, respondents who are not accustomed 
to environmental issues, and/or are not able to understand these issues tend to pro-
vide unreliable answers. 
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Figure 4.3. Educational proportion of respondents 
 
4.4. Relative Importance of Environmental Pressures in the GTA 
To properly calculate the relative importance of environmental pressures in the GTA, is 
given by the following equation: 
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Likewise, the relative importance of the environmental pressure for every region of 
residence, educational background and age is given by the following equation: 
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The relative importance of the environmental pressures in the GTA is depicted in figure 
4.4. The most urgent environmental pressure for the Greater Thessaloniki Area, as desig-
nated from the first question of the questionnaire survey, is air pollution at a relative im-
portance percentage of 21,5%. The second most important is urban transportation at a 
percentage of 17,2%. These findings come as no surprise, as air quality is determined by 
urban transportation to a significant extent. Moreover, as discussed in the third chapter, 
the accumulation of pollutants in the atmosphere is a combination of factors such as traf-
fic volume etc. Thus, the expected results can be justified.  
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 Another environmental problem of great importance is urban waste at a percentage of 
16,5%.  This high percentage should inspire, the establishment of a solid waste manage-
ment system, as referred in chapter three. Water quality follows at a relative importance 
percentage of 13,1% and green spaces at 11,5%, in close proximity to the percentage of 
population density, 10,5%. The environmental pressure of minor importance is noise pol-
lution at 9,97%.  
 
 
Figure 4.4. Relative importance of the environmental pressures in the GTA 
 
4.5. Public Dissatisfaction of Environmental Pressures in the GTA 
Public dissatisfaction of the individual environmental pressures can be extracted by the 
equation: 
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In the same way, public dissatisfaction for every region of residence, educational back-
ground, and age is calculated by the equation: 
)7,...,2,1(,)(
1


iNraR d
N
j
ijdid
d
                                                                                               (6) 
  -52- 
Following the procedure presented above, the results of the second question of the 
questionnaire are illustrated in figure 4.5. According to the survey’s findings, the citi-
zens of the GTA are dissatisfied with the present environmental quality in general. 
More specifically, the sample is appeared to be dissatisfied with urban transportation 
in the GTA, as the public dissatisfaction is 75,59. Τhis value corresponds to citizens be-
ing moderately dissatisfied to very dissatisfied. Public dissatisfaction for urban trans-
portation can be justified by the present transportation state, as described in the third 
chapter.  
Respondents are slightly to moderately dissatisfied, as far as air pollution, waste, and 
green spaces are concerned. The indicators of their dissatisfaction are 67,27, 66,16, 
63,00 accordingly. Public dissatisfaction for population density, water quality, and 
noise pollution is on the same scale as the previous environmental pressures ap-
proaching the scale of neutral. The corresponding indicators of the aforementioned 
pressures are 61,27, 52,94, and 52,40. It should be highlighted that despite the low in-
dicators of public dissatisfaction, the respondents indicated significantly their frustra-
tion regarding the environmental pressures, as their answers are far away from the 
scale of satisfaction. 
 
Figure 4.5. Public dissatisfaction of the environmental pressures in the GTA 
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4.6. Significance of Environmental Pressures in the GTA 
The significance of the environmental pressures in the GTA results from applying equa-
tion (1) to the results of the two questions of the survey. For the GTA, air pollution is 
the most urgent environmental issue and is closely followed by urban transportation. 
These two pressures are considered interrelated, notably according to public opinion 
(Achilas et al., 2011; Vlachokostas et al., 2009). The indicators of significance are de-
picted in the following figure (figure 4.6). It is important to clarify that, high indicators 
of significance, reflect high values of either relative importance or public dissatisfac-
tion. 
 
Figure 4.6. Significance of environmental pressures in the GTA 
Waste is listed as the third most urgent environmental pressure, due to its high 
relative importance and high public dissatisfaction. The least pressing issues are green 
spaces, water quality, population density, and noise pollution, which despite their low 
relative importance, the public dissatisfaction is significantly high.  
It should be stated that, environmental pressures which have a direct impact on public 
health and sustainability, are considered to be the most urgent. Yet, pressures that 
have low indicators of significance should not be granted as non important. Thus the 
need of establishing a strategic policymaking towards the management of 
environmental deterioration is essential. 
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5. Results and Discussion 
 
5.1. Evaluation of the Results according to the respondents’ Study Area 
In the following table (table 7) the relative importance proportions of the respondents 
depending on their municipal district is being depicted. What can be inferred from the 
table is that air pollution is considered to be the most important issue in the centre of 
Thessaloniki and Toumpa at a percentage of 19,86% and 25,83%. Waste (16,71%, and 
17,67%) and urban transportation (16,32%, and 15,28%) are the next most important 
pressures in the city centre. 
 In Kalamaria, and eastern Thessaloniki air pollution is the most pressing issue (24,72%, 
and 19,64% accordingly). These percentages are mainly attributed to high traffic con-
gestion, which follows in these areas (10,42%, and 19,45%) and intense commercial 
activity. It should be highlighted that for eastern Thessaloniki the difference between 
air pollution and urban transportation is practically minor. 
Additionally, for western Thessaloniki and suburbs air pollution is the most important 
pressure (21,85%, and 18,58%), directly followed by urban waste (18,3%, and 17,88%) 
and urban transportation (14,4%, and 16,83%), whereas in the outskirts of Thessaloniki 
urban transportation is the second most important issue at a percentage of 18,84%, 
after air pollution (20,2%). 
Taking every study area into account, air pollution is the most urgent environmental 
pressure, followed either by waste or urban transportation. Moreover, noise pollution 
is of minor importance for the citizens of the GTA, except from the citizens of Kala-
maria and the city centre, where population density is the least important issue 
(8,53%, and 10,94% accordingly). Water quality is another important issue, right after 
waste, for most of the study areas, probably due to piping inveteracy. In figure 5.1 a 
bar-chart of the relative importance of the environmental pressures for the centre of 
Thessaloniki is being illustrated. All bar-charts of relative importance for each study 
area, are presented in ANNEX II. 
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Table 7. Relative importance of environmental pressures for each study area 
  
air pollu-
tion 
waste 
noise 
pollution  
urban trans-
portation 
water 
quality 
population 
density 
green 
spaces 
City centre 19,86% 16,71% 11,19% 16,32% 13,81% 10,94% 11,33% 
Toumpa 25,83% 17,67% 8,89% 15,28% 12,50% 8,53% 11,76% 
Eastern 
Thessaloniki 19,64% 15,58% 11,58% 19,45% 13,15% 11,24% 10,52% 
Kalamaria 24,72% 15,63% 10,42% 19,04% 9,90% 8,54% 10,73% 
Western 
Thessaloniki 21,85% 18,30% 8,75% 14,40% 15,50% 11,65% 11,70% 
Outskirts 20,20% 14,20% 9,79% 18,84% 13,00% 10,63% 13,96% 
Suburbs 18,58% 17,88% 9,21% 16,83% 13,88% 12,54% 11,08% 
 
 
Figure 5.1. Relative importance of environmental pressures for city centre study area  
Public dissatisfaction is captured in table 8. Αs perceived, for the majority of the study 
areas dissatisfaction indicators are extremely high as far as urban transportation is 
concerned. Their values vary from 63,5 to 82. The only differentiation that can be de-
tected is in eastern Thessaloniki, where air pollution’s indicator is higher than urban 
transportation. 
On the contrary, the lowest values of public dissatisfaction can be identified in the 
most study areas for water quality, apart from Toumpa and suburbs where noise pollu-
tion has the lowest values of public dissatisfaction. 
It should be outlined that the results of public dissatisfaction constitute a general 
frame of dissatisfaction of the respondents and do not designate the environmental 
  -57- 
pressures which are responsible for environmental deterioration. Thus, they should 
not be taken into account separately. A safe conclusion that could be drawn is that cit-
izens of the GTA do not express satisfaction regarding the present environmental qual-
ity in the GTA. 
Table 8. Public dissatisfaction of environmental pressures for each study area 
  
air 
pollution 
waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
City centre 68,25 64,09 61,31 76,39 58,33 64,88 66,67 
Toumpa 70,83 75 48,33 81,25 63,89 70,83 68,75 
Eastern 
Thessaloniki 80,68 60,61 61,36 79,92 58,33 57,57 63,64 
Kalamaria 64,06 65,10 47,39 74,77 42,19 52,72 57,81 
Western 
Thessaloniki 63,75 65,62 52,5 71,25 50,62 63,75 63,12 
Outskirts 66,5 64,5 54.3 82 53 65,5 70 
Suburbs 56,77 68,23 42.19 63,54 44,27 53,64 51,04 
 
In figure 5.2 a bar-chart of the public dissatisfaction of the environmental pressures for 
eastern Thessaloniki is being illustrated. All bar-charts of public dissatisfaction for each 
study area, are presented in ANNEX II. 
 
Figure 5.2. Public dissatisfaction of environmental pressures for eastern Thessaloniki 
study area 
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In the following table (table 9) the significance of the environmental pressures of each 
municipal district is demonstrated. These findings result from the application of the 
weighted average in the data of tables 7 and 8. It is confirmed that air pollution is the 
most urgent environmental pressure for most study areas, except for eastern Thessa-
loniki where urban transportation is the most significant pressure. Water quality, pop-
ulation density and green spaces have the lowest values in all the study areas apart 
from the outskirts of Thessaloniki where noise pollution is the least significant pres-
sure. Yet, all environmental pressures should be taken into consideration as they all 
take part in the formulation of the environmental quality. 
Table 9. Significance of the environmental pressures for each study area 
  
air pollu-
tion 
waste 
noise 
pollution  
urban transpor-
tation 
water 
quality 
population 
density 
green 
spaces 
City centre 14,06 11,03 7,51 13,25 9,08 7,67 7,77 
Toumpa 20 14,39 4,81 13,26 8,54 5,52 7,743 
Eastern 
Thessaloniki 15,19 9,85 7,59 15,96 8,16 6,72 7,40 
Kalamaria 16,67 10,57 5,13 14,15 4,45 5 7,04 
Western 
Thessaloniki 14,48 12,1 5,21 10,85 7,84 7,82 8,77 
Outskirts 14,72 9,85 5,62 15,98 8,22 6,88 10,51 
Suburbs 11,23 12,85 3,41 10,98 7,43 6,91 5,13 
 
In figure 5.3 a bar-chart of the significance of the environmental pressures for Kala-
maria is illustrated. All bar-charts of significance for each study area, are presented in 
ANNEX II.  
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Figure 5.3. Significance of the environmental pressures for Kalamaria study area 
As discussed in the fourth chapter of the present dissertation thesis the overall signifi-
cance of the environmental pressures in the GTA is given by equation (2). The results 
are presented in table 10. The predominance of air pollution as the most significant 
pressure is obvious for the majority of the study areas. 
Table 10. Overall significance of the environmental pressures for one study area 
  
air 
pollution waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
City centre 1,80 1,41 0,96 1,70 1,16 0,98 1,00 
Toumpa 1,97 1,42 0,47 1,31 0,84 0,54 0,76 
Eastern 
Thessaloniki 2,42 1,57 1,21 2,54 1,30 1,07 1,18 
Kalamaria 1,62 1,03 0,50 1,37 0,43 0,48 0,68 
Western 
Thessaloniki 4,49 3,75 1,61 3,36 3,36 2,42 2,71 
Outskirts 1,58 1,06 0,61 1,71 0,88 0,74 1,13 
Suburbs 1,12 1,28 0,34 1,09 0,74 0,69 0,51 
 
In figure 5.4 a bar-chart of the overall significance of the environmental pressures for 
the city centre of Thessaloniki is illustrated. All bar-charts of overall significance for 
each study area, are presented in ANNEX II. 
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Figure 5.4. Overall significance for environmental pressures of city centre study area 
 
5.2. Evaluation of the Results according to the respondents’ Age 
As far as the ages of the respondents are concerned, the results are categorized in age 
ranges. It can be inferred from table 11 that respondents aged from 18 to 34 consider 
air pollution as the most important environmental pressure in the GTA, and urban 
transportation follows. Respondents aged from 35 to 64, value urban transportation as 
the most important issue, and air pollution as the second most important. This differ-
entiation is interesting, since younger people tend to be more aware of the negative 
impacts of air pollution and that air pollution is a result of urban transportation. All re-
spondents agree that the third most important is urban waste at percentages of at 
least 15%. 
 Another interesting fact, extracted from the data is that the least important pressure 
is diversified in different generations. For instance, respondents aged between 25-34 
35-44, and 55-64 grant noise pollution as the least important pressure, whereas those 
aged between 18-24, value population density as an issue of minor importance. Differ-
ent results are also demonstrated in people aged between 45-54, marking green spac-
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es are the least important pressure. Citizens of the GTA, who are 65 years old or older 
attribute the same relative importance to population density and green spaces. 
Table 11. Relative importance of environmental pressures for each age range 
  
air pollution waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
18-24 22,00% 16,67% 10,54% 15,79% 15,00% 7,63% 12,44% 
25-34 21,38% 16,68% 9,54% 17,35% 12,68% 11,78% 11,39% 
35-44 12,67% 15,94% 11,00% 17,67% 12,67% 11,61% 12,31% 
45-54 21,00% 15,89% 13,39% 18,72% 0,11% 11,67% 8,50% 
55-64 21,67% 15,00% 6,67% 21,67% 11,67% 11,67% 11,67% 
65 or 
older 12,50% 17,50% 12,50% 17,50% 25,00% 7,50% 7,50% 
 
Public dissatisfaction of environmental pressures for each age range is depicted in ta-
ble 12. People aged from 18 to 24, 25 to 34, 35 to 44, and 55 to 64 years, appear to be 
from slightly to moderately dissatisfied with each pressure, and are more frustrated by 
urban transportation. 
Respondents aged from 45 to 54 years old are very dissatisfied with air pollution and 
moderately dissatisfied with urban transportation, whereas respondents aged 65 years 
or older are slightly dissatisfied with noise pollution and almost neutral regarding the 
rest environmental pressures. The lowest dissatisfaction indicators are detected for 
water quality, where most respondents demonstrated a neutral opinion. 
Table 12.  Public dissatisfaction of environmental pressures for each age range 
  
air pollu-
tion 
waste 
noise pol-
lution  
urban transpor-
tation 
water 
quality 
population 
density 
green 
spaces 
18-24 63,80 65,36 55,73 73,06 58,07 59,84 61,72 
25-34 71,36 65,29 53,66 79,37 54,73 61,16 64,44 
35-44 61,75 64,01 53,79 72,73 49,24 65,15 66,29 
45-54 75,69 66,67 59,03 71,53 50,69 61,80 60,42 
55-64 58,33 79,17 45,83 83,33 33,33 66,67 79,17 
65 or 
older 43,75 50 68,75 43,75 50 50 25 
 
The general deduction that could be safely made from table 13 is that the majority of 
the citizens of the GTA consider air pollution as the most significant environmental is-
sue, followed directly by urban transportation. The only exclusion is that citizens aged 
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between 35-44, and 55-64, value urban transportation as the most pressing issue, fol-
lowed by air pollution. 
Table 13. Significance of environmental pressures for each age range 
  
air 
pollution 
waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
18-24 14,66 11,14 6,35 12,16 9,70 4,76 8,58 
25-34 15,72 11,49 5,50 14,18 7,55 7,32 7,61 
35-44 12,14 10,91 6,29 13,35 6,84 7,88 8,56 
45-54 16,076 10,83 8,61 14,5 7,64 7,85 5,27 
55-64 13,12 12,92 2,92 19,37 3,12 9,17 8,75 
 
In figure 5.5 bar-charts of relative importance, public dissatisfaction, and significance 
of the environmental pressures for different age ranges is illustrated, and serve as a 
graphic description of the data analyzed above. All bar-charts of relative importance, 
public dissatisfaction, and significance of environmental pressure for age range, are 
presented in ANNEX III. 
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Figure 5.5. a)Relative importance of environmental pressures for 18-24, b)Public 
dissatsfaction of enviromental pressures for 25-34, c)Significance of environmental 
pressures for 35-44 
 
5.3. Evaluation of the Results according to the respondents’ Educational 
Background 
As for the educational background of the respondents, in table 14 the relative im-
portance of the environmental pressures for each educational background (Master’s, 
Bachelor’s, or Professional Degree, etc.) is demonstrated. The majority of the respond-
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ents granted air pollution as the most important environmental pressure at a percent-
age of 21%, and urban transportation as the next most important. 
A small difference can be detected in high school graduates’ first and second most im-
portant pressure. Respondents who marked their educational background as ‘other’ 
consider urban transportation as most important. Respondents who indicated ‘other’ 
as their educational background are people who may not have a higher education de-
gree or own a Doctoral Degree. 
Respondents owning a Master’s Degree, a Professional Degree, as well as those who 
marked ‘other’ agreed that the least important pressure is noise pollution. Bachelor’s 
Degree owners and high school graduates consider population density as the least im-
portant. Yet, this does not mean that attention should not be given in these environ-
mental issues, as they serve as components in formulating the environmental quality 
of the GTA. 
Table 14. Relative importance of environmental pressures for each educational 
background 
 
air 
pollution 
waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
Master's 
Degree 21,53% 15,96% 10,24% 16,68% 12,91% 10,95% 11,66% 
Bachelor's 
Degree 21,05% 17,51% 10,57% 17,78% 13,32% 10,04% 10,87% 
Professional 
Degree 21,67% 16,67% 6,67% 13,33% 16,67% 11,67% 13,33% 
High School 
Graduate  18,40% 12,40% 11,30% 17,90% 15,50% 10,00% 14,50% 
Other  14,17% 19,33% 9,17% 21,00% 11,83% 16,00% 10,20% 
 
In the following table (table 15) the public dissatisfaction of environmental pressures 
for each educational background is illustrated. Respondents are significantly frustrated 
by urban transportation, even though the majority of them marked air pollution as the 
most important pressure. Their dissatisfaction rates from moderately to very dissatis-
fied. Owners of Master’s Degree marked neutral opinion regarding water quality, along 
with high school graduates and respondent who indicated ‘other’ educational back-
ground. On the contrary respondents with a Bachelor’s or a Professional Degree indi-
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cated neutral opinion regarding noise pollution. This does not signify their satisfaction 
at any case. 
Table 15. Public dissatisfaction of environmental pressures for each educational 
background 
 
air 
pollution 
waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
Master's 
Degree 68,58 63,96 56,37 77,14 54,50 62,39 64,64 
Bachelor's 
Degree 61,52 66,88 52,53 75,16 53,57 59,70 63,47 
Professional 
Degree 79,17 62,5 25 70,83 54,17 62,5 75 
High School 
Graduate 58,75 63,75 55 65,7 48,75 57,5 51,25 
Other 56,25 72,92 64,58 81,25 56,25 75 60,42 
 
The conclusion that could be drawn after the concentration of the findings in table 16 
is that air pollution is the most urgent environmental pressure in the GTA, as 
designated by the majority of the respondents. Urban transportation is the most 
pressing environmental issue for Bachelor’s Degree owners, directly followed by air 
pollution. 
Table 16. Significance of environmental pressures for each educational background 
 
air 
pollution 
waste 
noise 
pollution  
urban 
transportation 
water 
quality 
population 
density 
green 
spaces 
Master's 
Degree 15,76 10,91 6,22 13,28 7,80 6,87 7,97 
Bachelor's 
Degree 13,46 11,93 5,97 14,22 7,97 6,4 7,44 
Professional 
Degree 17,29 11,04 1,87 10,62 11,67 6,87 10,83 
High School 
Graduate  11,24 8,37 6,375 11,63 8,31 6,56 7,37 
Other  18,64 13,87 6,67 17,02 7,48 12,94 6,60 
 
In figure 5.6 bar-charts of relative importance, public dissatisfaction, and significance 
of the environmental pressures for different educational backgrounds is illustrated, 
and serve as a graphic description of the data analyzed above. All bar-charts of relative 
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importance, public dissatisfaction, and significance of environmental pressure educa-
tional background, are presented in ANNEX IV. 
 
 
(a) (b) 
 
 
(c)  
 
Figure 5.6. a) Relative importance of environmental pressures for Master’s Degree, b) 
Public dissatisfaction of environmental pressures for Bachelor’s Degree, c) Significance 
of environmental pressures for Professional Degree 
 
5.4. Mitigation Strategies on the most Urgent Environmental Pressure 
As thoroughly captured in the previous chapter, the questionnaire survey, designated 
air pollution as the most urgent environmental pressure in the Greater Thessaloniki 
Area. The pursuit of mitigation strategies is a critical matter of high importance, lead-
ing to minimization of the impact on the quality of life of residents in the GTA. To this 
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end, a superficial as well as theoretical attempt to record the supreme mitigation 
strategies to confront air pollution is being performed. These strategies coupled with 
properly selected criteria could serve as a foundation in the decision-making process.  
Developing strategies in order to control air pollution is a difficult process which in-
volves a broad range of scientists (Vafa-Arani et al., 2014).  It should be highlighted 
though that the difference between the most urgent environmental pressure that is air 
pollution and urban transportation is significantly low. This evidence shows that these 
issues are in fact interrelated, as the occurrence of high pollution values in the streets 
of Thessaloniki is a combination of several factors such as traffic volume, weather con-
ditions, road width, vehicle speed, height of the buildings and urban planning (Kout-
sourakis, 2010). Consequently, the process of encountering air pollution should include 
mitigation strategies for urban transportation too.  
Urban air pollution is the source of several problems, such as in public care due to gas-
es and particles inhalation, in historical buildings and monuments, in crop yields 
(Moussiopoulos et al., 2008). Air pollution is an indisputable issue in different metro-
politans worldwide and is a result of rapid urbanization. Different approaches and 
tools are being implemented in order to confront this problem (Vafa-Arani et al., 
2014). 
First and foremost, a systematic record of air pollution is needed. The Air quality man-
agement department of the Ministry of the Environment and Climate Change has es-
tablished network stations to measure the concentration levels of the following pollu-
tants: Carbon monoxide (CO), Nitrous dioxide (NO2), Nitrous oxide (NOX), ozone (O3), 
total suspended particles (PM10, PM2,5), sulfur dioxide (SO2), sulfur oxide (SOX), and 
benzol (C6H6) (Ypeka.gr, 2016). The existence of comprehensive and updated emission 
records is a high-priority issue, in order to create an efficient plan regarding the man-
agement and enhancement of air quality, given the fact that they represent the most 
important parameters of any air pollution control programme (ORTH, 2008). Yet, pol-
lution levels exceed Government health standards many days every year. 
Apart from national level, action at a regional and local level is necessary to properly 
control air pollution. In UK’s air quality management strategies, local authorities are 
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required to work towards the strategy’s objectives, that is review air quality in their 
area and detect air quality management areas in case improvements are needed. In 
this way, air quality limit values at local level can be achieved (Uk-air.defra.giv.uk, 
2017). 
Compliance with the government’s target is a matter of high priority. Thus, more ac-
tions should be undertaken to significantly diminish pollution from traffic in an effi-
cient way. This can be achieved in two ways. In the first place, Greener cars, which will 
pollute as little as is possible, should be introduced. Technology improvement in fuel 
as well as tightened engine technology aim towards this goal. Additionally, reduction in 
traffic should be taken into consideration, especially in rush hours. This measure is be-
ing applied in the UK, and is dealing with the adverse impacts of traffic. To achieve a 
traffic reduction programme, the government should either set a national traffic re-
duction target, or other measures that will be assessed regarding traffic reduction 
(Legislation.gov.uk, 2017). 
Another mitigation strategy that could be incorporated in the policy-makers’ agenda is 
the pedestrianization of the streets in the city centre of the GTA, where the levels of 
air pollution are significantly high. This measure will avoid the occurrence of the street 
canyon phenomenon, a frequent phenomenon in the GTA as extensively described in 
the third chapter of the present thesis. Yet safety valves should be established along 
with this measure to confirm that traffic volume will not scale up in other areas of the 
city centre. 
In addition to this strategy, a measure of circulation control can be also incorporated 
such as a ring, that allows cars to enter the city centre only on alternate days depend-
ing on whether the last digit of the license plate number is odd or even. Even plates 
drive on even dates, whereas odd plates drive on odd days. This measure is already 
introduced in Athens and is known as “Athens Ring” or “Athens Green Ring” taking aim 
at air pollutant concentrations originating form traffic reduction (Keeptalking-
greece.com, 2017). 
Development of affordable and sustainable technologies, such as photocatalytic con-
struction materials, which can be applied in infrastructural works are able to reduce air 
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pollutant concentrations (De Marco et al., 2013). The procedure of photocatalysis is 
able to accelerate the process of natural oxidation, promote a faster decomposition of 
pollutants, preventing them from accumulating, yet favoring their decay (De Marco et 
al., 2013; Guerrini, 2010; Cassar et al., 2007; Cassar, 2004). The first application of pho-
tocatalytic concrete for road construction took place in USA in 2011 (De Marco et al., 
2013). Photocatalysis can be also applied in paints and coatings, to restrict the oxida-
tion as well as the chalking of the paint film to the closest surface layers, in a way that 
rain water will wash the top layer leaving a clean surface (Allen et al., 2008). 
Nowadays, many industrial countries are faced with industrial air pollution, a global 
threat which causes global warming as well as the destruction of ozone layer (Vafa-
Arani et al., 2014). Industrial pollution should not affect the GTA as it will encumber 
the levels of urban air pollution. The industrial area of the GTA is located in Sindos, a 
suburb of Thessaloniki. A thorough Environmental Impact Assessment on the current 
industrial zone should be conducted, to verify whether this location is suitable to serve 
as an industrial area. Relocation of other companies in the GTA should be an option 
too, as a mitigation measure. Such strategies will have more stable and long term ef-
fect on air pollution. 
Moreover, development in public transportation infrastructure should be taken into 
consideration too. All current public transportation means should be replaced with 
technologically improved ones, to contribute to the air quality management improve-
ment. Last but not least, other means of transport such as the upcoming subway 
should be introduced, so that traffic congestion in the GTA can be avoided. The follow-
ing table (table 17) sums up the mitigation strategies which were presented and ana-
lyzed in this chapter. 
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Table 17. Proposed mitigation strategies 
 
Mitigation Strategies  Application Location  
1 Updated Emission Records  China 
2 Traffic Reduction UK 
3 Greener Cars UK 
4 Street Pedestrianization 
 
5 Ring  Athens, Greece 
6 Photocatalytic Construction Materials USA 
7 Relocation of Industrial Areas 
 
8 Public Transportation Infrastructure 
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6. Conclusions 
 
Environmental degradation has long been on the vanguard. The need of adopting 
measures to protect and restore the environment is essential.  In the present disserta-
tion thesis, the current environmental quality of the metropolitan area of Thessaloniki 
is examined. To this end, environmental pressures that have a direct impact on urban 
sustainability of the Greater Thessaloniki Area are taken into consideration, given the 
area’s special characteristics. The pressures under study are: a) air pollution, b) waste, 
c) noise pollution, d) urban transportation, e) water quality, f) population density, g) 
green spaces. 
Each environmental problem is examined and conclusions are being drawn, concerning 
their current status. One of the main objectives is to estimate the most urgent envi-
ronmental pressure of the GTA.  A questionnaire based survey is conducted to properly 
record public’s opinion. The findings of the survey are presented for the all the re-
spondents, as well as categorized according to the respondents’ age, educational 
background and municipal district, and the most urgent environmental pressure in the 
GTA is extracted. 
 For the GTA, air pollution is the most urgent environmental issue and is closely fol-
lowed by urban transportation. High indicators of significance, reflect high values of 
either relative importance or public dissatisfaction. 
The least urgent environmental pressures are green spaces, water quality, population 
density, and noise pollution, which despite their low relative importance, the public 
dissatisfaction is significantly high. 
Environmental pressures that have a direct impact on public health and sustainability, 
are considered to be the most urgent. The need of establishing a strategic 
policymaking towards the management of environmental deterioration is essential. 
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Moving away from the focus on the most urgent environmental pressure, a superficial 
and theoretical attempt to record the supreme mitigation strategies to confront the 
most significant environmental problem is performed. The development of these im-
provement strategies is a difficult procedure which could serve as a foundation in the 
decision-making process. 
Τhe conclusion that summarizes the present dissertation thesis is that a strategic poli-
cymaking aiming at the restoration of the environmental quality, as well as its adverse 
impacts on human well-being is of vital importance. Yet, the pursuit of mitigation 
strategies is a critical matter of high importance and involves a broad range of scien-
tists. 
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